Summary In a group of seventy patients with small cell lung cancer the prognostic value of serum tumour markers was determined. Thymidine kinase (TK), tissue polypeptide antigen (TPA) and lactate dehydrogenase (LDH) but not neuron specific enolase (NSE) correlated significantly with survival. Since all markers were strongly interrelated with each other and with the extent of disease, the combined determination of TK, TPA and LDH or the combination of disease extent and a marker yielded no more prognostic information than a single measurement of one of these variables.
Well established prognostic factors in small cell lung cancer (SCLC) are performance status (PS) and extent of disease (Maurer et al., 1981) . Recently several groups have introduced biochemical data such as liver function tests, LDH, alkaline phosphatase, albumin haemoglobin, white blood cell count and bicarbonate to delineate prognostic subgroups in combination with PS and extent of disease or even as a replacement of extent (Souhami et al., 1985 , Cerny et al., 1987 . The prognostic significance of such biochemical data is probably either related to the tumourload and/or the site of metastases. The disadvantage of such an approach is that these data are an indirect reflection of the tumour. It seems more logical to investigate tumour derived products, which may give a direct estimation of the total body tumourload in a more refined way than the usual distinction between limited (LD) and extensive disease (ED) . Several studies have been published on the prognostic value of tumour markers, but only few have compared the relative value of different prognostic factor (Deuss et al., 1987; Buccheri et al., 1987; Carney et al., 1982) .
The purpose of this study was to determine the prognostic value of three tumour markers for response and survival in comparison with LDH, PS and extent of disease in a group of uniformly staged and treated patients. al., 1985) . Serum concentrations above 12.5 ng ml-' were considered to be pathological. Serum TK activity was determined by the method of Gronowitz (Gronowitz et al., 1984 ) using a commercial radioenzymatic assay (Sangtec Medical Co, Bromma, Sweden) with '25iodo deoxyuridine as a substrate. TK levels above 5 U ml-' were considered as abnormal. TPA measurements were performed using a commercial kit (Prolifigen RIA Sangtec Medical Co, Bromma, Sweden). The cut-off level for normal TPA values was 100 U-'.
Statistical methods
The variables NSE, TK, TPA and LDH were log transformed before calculation of correlation coefficients and Cox regression analysis. Extent of disease was classified and coded as 1 = limited disease and 2 =extensive disease. Response was classified and coded as 1 = complete response, 2 = partial response and 3 = no response. The strength of the association between the markers, extent of disease, performance status, response and survival was expressed using linear correlation coefficients. However, Cox's regression analysis was applied to determine the relative importance of the prognostic factors on survival.
Results
Clinical characteristics are shown in Table I The prognosis is depen'dent on the combined effects of prognostic factors and therapy, which therefore understandably are frequently linked. In case of chemotherapy the prognosis will be mainly determined by the total body tumourload, the fraction of chemotherapy-resistant cells, either predetermined or acquired, and the growth rate of the latter. Theoretically one or a combination of marker substances, which will reflect one of the above mentioned prognostic factors, would seem to be ideal. One of the prerequisites for such a marker would be that the amount, which is released or secreted per gram of tumour tissue, is independent of tumour heterogeneity or correlated with a prognostically important difference in biological behaviour.
In this study it was found that NSE, TK, TPA and LDH were significantly correlated with the extent of disease, with each other and with PS. TK, TPA and LDH but not NSE were also significantly correlated with survival. The former observations are in agreement with previous reports (Deuss et al., 1987; Buccheri et al., 1987; Gronowitz et al., 1986) . The latter observation is not supported by the studies of Akoun et al. (1985) and Jorgensen et al. (1988) who showed that NSE is a significant prognostic factor for survival. The combined lack of correlation between NSE and both response and survival suggests that treatment related factors may be involved, i.e. that in contrast to the studies of Akoun et al. (1985) and Jorgenson et al. (1988) in our study a population of tumour cells is killed, which is correlated less with the serum NSE level. Approximately 85% of the patients in our study received a three-drug regimen consisting of cyclophosphamide, doxorubicin and etoposide. In the Danish study (Jorgenson et al., 1988) the patients received three different regimens, each of which contained at least six different drugs such as CCNU, cyclophosphamide, vincristine, etoposide, doxorubicin, cisplatin, vindesine and hexamethylmelamine. In the French study (Akoun et al., 1985) patients received four different drugs (cyclophosphamide, doxorubicin, vincristine and methotrexate). Although very different to prove it may be well that especially in the Danish study the six drugs killed a somewhat different population of tumour cells than the three drugs in our study. This may explain why serum NSE as a reflection of the tumourload is correlated with prognosis in one study and not the other.
TK, TPA, LDH and extent of disease all had significant prognostic capacity in the univariate analysis, however in the multivariate analysis it was shown that the combination of extent of disease and TK, TPA or LDH yielded no more prognostic information than the measurement of one of these parameters. Even a combination of the various markers didn't improve upon the significance of a single marker. This latter observation may suggest that all these markers are picking out the same cells or bear the same relationship with the total tumourload.
Besides the fact that TK seems to be a good indicator of the total tumour mass it could have been assumed that there might be a relation between TK and the proliferative activity of the tumours of patients with small cell lung cancer since TK is involved in the process of DNA synthesis. Clinical evidence for the relation of TK and growth rate has been provided by the study of Greengard el al. (1985) in which it has been observed that TK concentrations of biopsy samples bear a quantitative inverse correlation to the volume doubling time of lung neoplasms as determined by tumour diameter measurements from sequential chest X-rays. However, if TK in SCLC relates with tumour growth rate this would most probably result in different responses to treatment for tumours based on their TK levels resulting in survival curves with different slopes (Shackney et al., 1978) . Survival curves calculated by the Kaplan-Meier method for different groups of patients based on their TK levels are depicted in Figure 2 . Since the slopes of both depicted survival curves are identical this suggests that the prognostic capacity of TK is most probably entirely tumourload related.
In conclusion, in this study TK, TPA, LDH and extent of disease, but not NSE, proved to be valuable prognostic factors for prediction of survival. The prognostic significance of all these variables seems to be entirely tumourload related. Further studies including more patients are warranted to evaluate whether a single measurement of a marker can replace a crude distinction between LD and ED determined through a complicated staging procedure.
